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@ Retroreflectlve sheeting with bacidng film. 



@ A retroreflective sheeting having incorporated theiein an opticaily-nonfunctionai bacidng film. The bacidng 
film (10) comprises at least a self-adherent layer which is adhered directly to the rear side of the speculariy 
reflecting layer (12) of the sheeting and. may further comprise one or more layers (16. 18). such as a reinforcing 

5 layer, on the rear side of the self-adherent layer. The physical properties of the bacidng film, e.g., tensile 
strength, tear resistance, elongation, or adhesive compatibility are selected according to the properties desired 

JJof the resultant retrorefiective sheeting. The self-adherent layer may comprise: polyethylene; or one or more 
copolymers comprising by weight a major portion of at least one of ethylene or propylene, and a minor portion 
of a polar comonomen or a blend comprising (a) one or more other polymers and (b) one or more of such 

ST copolymers or polyethylene or combinations of such copolymers and polyethylene, the blend comprising a 

^ major portion by weight of ethylene and/or propylene. 
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RETROREFLECTtVE SHEETING WITH BACKING FILM 



Reid of Invention 



5 This invention concerns retroreftective sheetings, and specifically concerns sheetings ttiat incorporate a 
backing film, i.e., a film tiiat strengttiens or othenvise modifies tiie physical properties of the sheetings. 



Background 

Mlcrolens-based retroreflective sheetings are well-known in tiie art One form of such sheeting Is 
embedded-lens sheeting wherein transparent microspheres, arranged in substantially a monolayer, are at 
least partially embedded in a transparent binder or spacing layer with a specularly reflecting layer behind 

IS the microspheres underlying the spacing layer. Examples of embedded-lens sheetings are disclosed in U.S. 
Patent No. 2,407,680 (Palmquist et al.) and in U.S. Patent No. 4.511 .210 (Tung et ai.). Typically one or more 
transparent cover layers are disposed in front of tiie microspheres. If ttie microspheres are only partially 
embedded in tiie binder layer, tiie front of tiie microspheres are embedded in tiie cover layer. Such cover 
layers complete tiie optical relationships needed for retroreflection and may furttier serve to provide a 

20 protective front surface to tiie sheeting, such as is provided by a tough, weattier-reststant scratch^resistant 
polymeric cover film. Aftematively, instead of a cover film, a layer of substantially transparent adhesive may 
be provided in front of ttte microspheres, such adhesive being used, for example, to secure the sheeting to 
tiie inside of an automobile window such ttiat tiie sheeting is viewed from outside tiie automobile. 

An advantage of embedded-tdns sheetings is ttiat because tiie microspheres are embedded wittiin tiie 

2S sheeting, incident light rays are focused onto tiie specularly reflecting layer inespective of whettier ttte front 
of ttie sheeting is wet or dry. Thus, such sheetings are used in many applications, for instance, providing 
improved visibility to traffic signs, automobile license plates, etc. Such sheetings are often ajld having an 
adhesive layer covered by a removable protective liner on ttie rear side of ttie specularty reflective layer. In 
use the liner is removed and tiie sheeting adhered to a desired substrate witti ttie adhesive. 

30 In order to achieve high brightness or efficient retroreflection, it is sometimes preferred to construct 
retroreflective sheeting with a very high density of microspheres. It is also often necessary to use 
dimensionaliy stable and what are typically very brittle and very hard materials in the spacing layer so ttiat 
ttie dimensional relationships between ttte microspheres, spacing fayer, and speculariy reflecting layer 
remain constant during ttie conditions encountered In fabrication of a finished product witti ttie sheeting. 

35 e.g., a license plate, and over an extended period of time despite outdoor exposure. Also,^ such forms of 
retroreflective sheeting may be thin and ttiereby flimsy. For all tiiese reasons, ttie sheetings typically 
require extraordinary care in handling, and may not emboss well, suffering cracks atong ttie outiine of 
embossing, e.g., alphanumeric characters or ottier indicia. Such cracks are aesttietically undesirable and 
weaken ttie sheeting thereby rendering it more susceptible to environmental degradation. 

40 U.S. Patent No. 3,176,584 (DeVries et al.) discloses ttiat a reinforcing layer may be incorporated into 
sheetings as taught in ttiat patent The reinforcing layer may be of similar composition as ttie binder or 
space coat material in which ttie microspheres are embedded and may be applied to the back side of ttie 
specularly reflecting layer via spraying, i.e., by a solvent-boating technique. Examples disclosed tiierein 
include metiiyl mettiacrylate. flexible epoxy resins. chloro*sulfonated polyettiylene. pofystyrene. poly- 

45 propylene, polycartDonate resin, ettiyl cellulose, and cellulose acetate-butyrate. The reference does not 
discuss tiie advantages or usefulness of such a layer, except to point out tiiat when applied to ttie 
contoured reflecting layer, ttie reinforcing layer provides a flat surface. The specularty reflecting layers of 
retroreflective sheetings are typically very thin, i.e., on the order of 0.06 micron thick, and must be disposed 
in special relationship to the microspheres in order for ttie sheeting to provide useful retroreflection. 

50 Because tiie speculariy reflecting layers are typically so tiiin. ttiey are ttiemseh/es very fragile and do not 
provide substantial protection to the spacing layer. Thus ttie sheeting may be subject to impairment of 
retroreftective response caused by disturbance of ttie specularly reflective layer and spacing layer as ttie 
reinforcing layer is applied. Such disturbance may be particulariy critical where ttie reinforcing layer is 
applied witti high solvent content or at high temperature ttiat may cause ttie spacing layer to deform. 

U.S. Patent No. 3,936.567 (Vesley) discloses an embedded-lens retroreflective sheeting wherein a 
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member, described therein as an inner supporting layer, is adhered to the rear side of the specularly 
reflecting layer with an intermediate layer of adhesive. The inner support layers are taught by the reference 
to comprise a layer of plastic film such as polyvinyl chloride film, polyethylene terephthalate film, 
polyethylene film, nylon film, polypropylene film and similar such materials, and to generally be on the 

5 order of 5 to 1S mils thick. Adhesion of the supporting layer to the speculariy reflecting layer with an 
intermediatB layer of adhesive, as taught by the reference, gives rise to such disadvantages as increased 
costs for the adhesive and its application and imparts increased bulk to the sheeting, rendering it thicker 
and therefore more difficult to roll. 

U.S. Patent No. 3.877.786 (Booras et al.) discloses a retroreftectlve sheeting with a backing or 

TO reinforcing member which is intended to support and stiffen the entire article. Exampfes of backing 
materials disclosed therein include corrugated paper board, a plastic laminate reinforced with glass fibers, 
and metal plate. Increased stiffness of the reflective film is apparently desired to enable easier registration 
of the sheeting for application of one or more colored overcoats to the reflective surface thereof. Such 
increased stiffness, however, may be undesirable in many applications, e.g.. wherein the retroreflective 

15 sheeting is to be embossed or adhered to substrate which is not fiat, such as a traffic cone. Further, 
although the reference does not expressly so disclose, the reinforcing members disctosed tfierein would 
presumably have to be adhered to the speculariy reflecting layer with an intermediate layer of adhesive. 



20 Summary of Invention 

The present Invention provides retroreflective sheetings which may have high flexibility, improved 
embossability. high impact resistance, high tear resistance, and Increased tensile strengtti. The sheetings 

25 provided herein may have high adhesive compatibility, enabOng a wWe variety of special purpose 
applications, e.g., removable embodiments, and In some embodiments may be thermally self-adhered to 
substrates such as metals without use of an additional pressure-sensitive adhesive, tiweby eliminating the 
cost of same and of a release Oner. Additionally, such sheetings may possess sufRaent body and stability 
such ttiat they do not require extraordinary care when being handled, and may typically be prirrtsd on in roll 

30 or sheet form, e.g.. flexographic printing, offset printing or screen printing, and may also be accurately and 
cleanly cut e.g.. by die cutting, into desired patterns. 

In brief summary, the novel retroreflective sheeting of the invention Is a microsphere-based retroreflecr 
tive sheeting comprising: 1> transparent microspheres, typically arranged In substantially a monolayer; 2) a 
transparent bindw ..oi_.spa^ngJayer_which ttie microspheres are supported by and at least partially 

35 erms^aed In; 3) a specularly reflecting layer undertying ttie spacing layer behind ttie microspheres; and 4) 
a backing film. The transparent microspheres are typically glass. pi^^^[^ng>1ayar.nr^^^ 
^ ^ mermoset rrjatBria Ljhat tdnds to maintain Its conformed contour such that ttte speculariy reflecting layei^ and 
► miceospheres remain disposed In the desired relationship for retrorBflectioryTyplcally ttie sheeting further 
comprises one or more transparent cover layers disposed in front of tiie microspheres in which the 

40 microspheres may be partially embedded. Such cover layers complete tiie optical relationships needed for 
retrorefiection and may further serve to provide protection to ttie sheeting. Examples of suitable cover 
layers Include polymeric, typically weather-and/or scratch-resistant cover films; or a layer of substantially 
transparent adhesive, by which tiie sheeting may be adhered, for example, to a window as a window sticker 
tiiat is visible from ttie oppo^ skie of the window. According to the invention, tite backing film Is self- 

45 adhered directfy to the rear side of tiie speculariy reflecting layer. Thus, tite advantages of tfiis invention are 
achieved without interference with the optical properties or relationships of tiie retroreflective sheeting, i.e.. 
the backing film is optically nonfuru:tional. The backing film may be preformed. i.e.. It is formed before 
being adhered to tiie speculariy reflecting layer, or may be formed directiy tiiereon by extrusion. 

The backing film comprises at least one layer referred to herein as ttie self-adhererrt layer. The self- 

50 adherent layer, which is adhered directfy (ue., wittiout an additional adhesive agent) to tiie speculariy 
reflecting layer, comprises a polymer that is substantially thermoplastic and nonelastomeric, is preferably 
extruded, and comprises: polyethylene; or preferably, one or more copolymers of monomers comprising by 
weight a major proportion of at least one of ethylene or propylene, and a minor proportion of at least one 
polar comonomer; or a blend comprising (a) one or more ottter polymers and (b) one or more of such 

55 copolymers or polyethylene or combinations of such copolymers and polyethylene, the blend comprising a 
major portion by weight of ethylene and/or propylene. By "nonelastomeric", it Is meant that the self- 
adherent layer does not have a substantial tendency to recover or return to its initial dimensions when 
stretched at room temperature and tiie stretching force is released. T>ie self-adherent layer typically has a 
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mett index of less than 500, while those polymers having a mett index of less than 150 are typically 
preferred, and those having a melt index of less than 20 are most preferred. Polymers having lower melt 
indices are typically easier to extrude and more resistant to softening at elevated temperatures. 

If desired, the backing film may further comprise at least one additional layer, for example, a reinforcing 
layer, disposed on the rear side of the self-adherent layer. i.e., the side opposite that which is adhered to 
the specularly reflecting layer. Examples of materials which may be used In such a reinforcing layer include 
nylon and polyester which may be used to provide the sheeting with exceptional tear resistance and tensile 
strength. 

Retrorefiective sheetings of the invention are typically more conveniently handled than similar sheetings 
in which no backing film is incorporated. The increased tensile strength and greater tear resistance which 
may be provided herein substantially eliminate the need for extraordinary care when handling such 
sheeting. Further, tiie backing film imparts more body to the sheeting, which, however, may still be rolled, 
ttiereby rendering same more convenient to work with. Sheeting of the invention typically possesses 
sufficient body tfiat it may be printed upon, in eitiier roll or sheet form, e.g., by flexographic printing, screen 
printing, or offset printing, and may be accurately and cleanly cut e.g., by die cutting, into desired shapes, 
such as alphanumeric characters. 

Utilization of a backing film according to the invention may increase ttie impact resistance, particularly 
at low temperatures, and improve tiie embossability of retrorefiective sheeting in which it is incorporated. 
Furtiier. in some embodiments retrorefiective sheetings of ttte invention may be heat laminated directiy to a 
substrate such as a metal surface witiiout another adhesive agent to produce. e.g., license plates or traffic 
signs. In such embodiments, the backing film acts as adhering means to provide a self-adhering bond to 
tiie substrate, tiiereby eliminating ttie need for, and cost of, an adhesive and (Blease liner. Alternatively, the 
backing film may provide an adhesh/e-compatible surface, thereby enabling, for instance, use of adhesives 
which may not provide suffteient bonding strength to the speculariy reflecting layer. 

Accordingly, tite backing films provkied herein differ from those of ttie prior art in tiiat ttiey provide 
eff^ve self-adhesion to materials commonly used in tiie speculariy reflecting layer, thereby eliminating the 
need for an intermediate adhesive layer and tiie costs for such adhesh^ and its application, while also 
providing desired physteal properties such as ttie tensile strsngtti, high tear resistance, high impact 
resistance, and coW temperature (i.e^ -40"C) retention of properties. . , 



Description of tfie Drawing 



The invention will be further explained in tiie drawing, wherein: 
Rgure 1 is a cross-sectional representation of a portion of an embedded-tens retrorefiective sheeting 
of ttie present invention illustrating lamination of a backing film directiy to the rear side of ttie specularly 
reflecting layen 

Rgure 2 is a cross-sectional representation of a portion of an embodiment of ttie invention wherein a 
layer of adhesive and a removable liner have been applied to ttie rear side of ttie backing film; 

Rgure 3 is a cross-sectional representation of a portion of anottier embodiment of ttie invention ttiat 
has been adhered to a metal substrate utilizing ttie backing film as adhering means, and 

Rgure 4 is a cross-sectional representation of a portion of an embodiment of ttie invention adhered to 
ttie inside of a windshield as a sticker visible from ttie outside ttiereof, witti a layer of transparent adhesive 
disposed in front of the microspheres. 

These figures, which are not to scale, are intended to be merely illustrative and noniimiting. 



Detailed Description of Invention 



The advantageous results of ttiis invention have been achieved by incorporation in a retrorefiective 
sheeting, directiy to ttie rear side of ttte specularly reflecting layer ttiereof, of a backing film ttiat comprises 
at least a self-adherent layer and, in some embodiments, tfiat further comprises one or more additional 
layers, e.g., a reinforcing layer, on ttie rear side of ttie self-adherent layer. i.e., ttie opposite side of tfie self- 
adherent layer to ttiat which is directiy adhered to ttie specularly reflecting layer. 

The self-adherent layer comprises a polymer ttiat is substantially tfiermoplastic and nonelastomeric. is 
preferably extmded. and comprises: polyettiylene; or preferably, one or more copolymers of monomers 
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comprising by weight a maior portion of at least one of ethylene or propylene, and a minor portion of at 
least one polar comonomer. The comonomer is preferably polar in nature, e.g., contains an O. or a N. or 
combination thereof, to improve adhesion of the resulting copolymer to the speculariy reflecting layer, which 
is typically a metal such as aluminum. Examples include acrylic acid, mettiacryfic add, ethyl acrylate. and 
vinyl acetate, Altematively. the self-adherent layer may comprise a blend comprising (a) one or more other 
polymers and (b) one or more of the copolymers described above or polyethylene or combinations of such 
copolymers and polyethylene, with the major portion of the blend being ethylene and/or propylene. The 
self-adherent layer typically has a melt index of less than 500. preferably less ttian 150. and most 
preferably less than 20. Polymers having lower melt indices are typically easier to extrude and more 
resistant to softening at elevated temperatures. 

A number of suitable polymers are commercially available at reasonable cost including: 



20 



Supplier 

Dov Chemical 
Company 

E.I. duPont 



Designation 

PRIMACOR 3440 

NUCREL 035 

EI.VAX 230 
SURLTN 1706 



Comonomer (Weight %) 

Acrylic Acid (9) 

Nethacrylic Acid (20*) 

Vinyl Acetate (28) 
Methacrylic Acid (**) 



Melt 
Index 



10 

35 

110 
0.7 



25 

* Total comonomer (believed to also include a small proportion of 
vinyl acetate) 

Precise composition is unknown 

30 

Each of these polymers has excellent flexibility at temperatures as low as •40"C. and retains broad 
adhesive compatibility, self-adhesion to the speculariy reflecting layer, and desired strength and toughness 
at such temperatures. Thus, backing films made from such polymers may be incorporated in retroreflective 

35 sheetinigs to be used for outdoor applications, e.g.. license plates'or highway maricers. 

Preferably the self-adherent layer comprises a copolymer which has been crosslinked by cations such 
as zinc, sodium, or potassium. Such a crosslinked polymer is sometimes here called an "lonomeric 
copolymer". Such lonomeric copolymers provide good adhesion to metals such as found in the speculariy 
reflecting layer and are believed to have Improved tensile strength, lonomeric copolymers crosslinked with 

^ zinc are more preferred because they are believed to be more weatherable and more impermeable to 
moisture, and to provide better adhesion to metals than other types of lonomeric copolymers. A preferred 
commercially available lonomeric polyethylene copolymer is SURLYN Brand 1708 Resin, wtiteh is a 
copolymer of, by weight a major proportion of ethylene and a minor proportion of mettiacrylic add tonically 
crosslinked with zinc ions. This polymer is particularty preferred for embossable sheetings because of the 

^ toughness it imparts thereto. 

Blends comprising (a) one or more other polymers and (b) one or more of the copolymers described 
above or polyethylene or combinations of said copolymers and polyethylene, wherein a major portion by 
weight of the blend is ethylene and/or propylene, may be used to achieve tower costs and provide a 
backing film having different physwal properties, e.g., greater tensile strength-or higher impact resistance. In 
the case of a blend compriang polyethylene, such other potymer Is preferably polar in nature to improve 
ttie self-adhesion to the speculariy reflecting layer. 

The self-adherent layer may further comprise such additives as colorants, e-g.. pigments; fillers, e.g.. 
glass fibers as reinforcing agents; or stabilizers, as long as such additives do not undesirably interfere with 
ttie self-adhesion of tiie layer to the speculariy reflecting layer. 

55 The advantages of tt^s invention, i.e.. a retioreflective sheet having ttie desired physical properties, may 
ba achieved utilizing backing films formed by many techniques. A backing film of the invention may be 
preformed, such as by extrusion or solvent casting, and then adhered to tiie rear side of ttie speculariy 
reflecting layer, e.g.. by heat lamination, or ttie backing film may be formed directfy upon ttie speculariy 
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reflecting layer; thereby eliminating an intermediate processing step. The tracking film is preferably 
preformed and then adhered to the specularly reflecting layer as such techniques are typically less 
strenuous upon the fragile specularly reflecting layer. If the backing film comprises both a self-adherent 
layer and a reinforcing layer, it is typically preformed and then heatHaminalsd to the specularly reflecting 
5 layer, although some combinations, e.g.. a backing film comprising a setf-adherent layer of ettiylene^cryjic 

/ acid copolymer and a reinforcing layer of polypropylene, can be fomi^dir^y on T ffl e i^ecularly reflecting . 

^ layer such as by co^)ctrusion. 

r- . The backing film is preferably extruded rather than cast from solution, thus avoiding the cost of solvent 

and possible pollution caused by driving off the solvent Furthemiore, extrusion typically permits faster a 

70 production rates because the time delay incurred in drying a solvent-cast film is eliminated. Also, if the 
backing film is to be formed directly upon the specularly reflecting layer, it is preferably extruded rather 
than solvent-cast to reduce the risk that solvent may leak through the specularly reflecting layer to cause 
deformation of the spacing layer and thereby impair the retroraflective response of the resultant sheeting. 
In some instances, adhesion of tfie backing film to tiie specularly reflecting layer may be improved by 

75 priming witii known suriace modification treatments such as corona discharge: Potyettiylene backing films 
typically require such treatment to achieve sufficient adhesion to the specularly reflecting layer and are 
tiierefore less preferred than the aforementioned copolymers of ethylene and/or propylene whtoh typically 
do not require such a prime and tend to be stronger and tougher as well. 

As described above, the backing film may furtiier comprise at least one layer in addition to the self- 

20 adherent layer. Such layer may be a reinforcing layer comprising, for example, nylon, polypropylene. 
acrylonitrile/butadieneAstyrene, polycarbonate, or glass-filled polymers. Blaxialty oriented polyester may be 
used if treated such as by the method disclosed in U.S. Patent No. 3.188,268 (Charbonneau at al.) to 
provide an effective bond between ttte self-adherent layer and polyester reinforcing layer. Such backing 
films may be used to provide retrorefiective sheetings witii desired properties such as exceptional tensile 

25 strengtfi and tear resistance, or sheetings which are essentially inextensible. In some embodiments ttie 
backing film may comprise two layers in addition to the self-adherent layer. For instance, a backing film 
comprising, in turn a self-adhwent layer, a nylon reinforcing layer on tiie rear skie tiiersof, and a ttiird layer 
ttiat has ttie same properties as ttie self-adherent layer on ttte rear side of ttie reinforcing layer, possesses 
both the particular strengtti properties Imparted by tiie nyton reinforcing layer as well as ttie particular 

30 surface properties of the tfiird layer. e.g., self-adhesion to metals. 

Reduced ttik:kness of ttie backing film and overall sheeting are typically prefsnred because of cost 
savings provided titereby. because less bulky sheetings may be more easily wound upon themselves into 
rolled form, and because in most uses, ttiinner sheetings aro easier to work witii. The totaf ttilcfcness of 
backing films of ttie invention are preferably less tiian 125 mk:rameter5 (5 mils) and more preferably less 

35 tiian 75 micrometers (3 mils). 

The optimum tear resistance, tensile strengtir. etc.. of ttie backing film, and of ttie ultimatB retrorefiec- 
tive sheeting, will be determined in part by ttie intended use of tiie final construction. For instance, in some 
embodiments useful backing films should provide ttie etongation required to permit the composite retro- 
roflective sheeting to stretch suffidentiy to be applied as to a traffic cone or to irregular surfaces. Good 

40 stretchability also is required when ttie novel retrorefiective sheeting is to be embossed e.g, on a license 
plats. To permit embossing under typical conditions in a male/female die to ttie depth of 2.5 millimeters 
with minimal, preferably no, cracking, ttie elongatton of ttie retrorefiective sheeting, including ttie backing 
film which is part ttiereof. should be at least 15 percent is preferably at least 50 percent and Is more 
preferably at least 200 percent Conversely, ttie tensile strengtti of ttie sheeting shoukl not be so high ttiat 

45 ttie sheeting, adhered to a surface before embossing, tends to recover so as to delaminate from ttie prease 
contours of ttie embossed characters. i.e.. undergo "tenting". Therefore, if tiie sheeting is adhered to ttie 
surface witti a typical pressure-sensitive adhesive, ttie retrorefiective sheeting shoukJ have a suffidentiy low 
tensile relaxation force, i.e., a tensile relaxation force after 5 minutes relaxation from 50 percent etongation « 
of less ttian 2300 newtons/meter-widtti. preferably less tiian 1000 newtons/meter-widtti. and more preferably 

50 less than 700 newtons/meter-wtdth. such tinat the sheeting will remain In ttie embossed contour after 
embossing. Such sheetings are considered herein to be nonelastomeric. Backing films of ttie present 
invention may be applied to retrorefiective sheeting so as to enable ttiem to be embossed to greater depths 
ttian similar sheetings wittiout such backing films. In some Instances, retrorefiective sheetings such as tfiose 
having a high density of microspheres or brittie spacing layers which could not previously be embossed 

55 wittiout cracking can be satisfactorily embossed when a backing film is applied ttiereto according to tiie 
present invention. 

If ttie retrorefiecttve sheeting is to be used as a removable construction, i.e.. a sheeting ttiat is to be 
applied to substrate for only a temporary time and ttien removed, such as to tiie side of a vehicle, ttie 
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backing film should impart great tensile strength and tear resistance thereto so as to exceed the strength of 
the adhesive bond between the sheeting and substrate, to permit convenient removal of the sheeting 
without tearing and shredding of the same. However, the overall sheeting preferably exhibits an elongation 
of at least 50 percent and remain flexible, particulariy if it is to be applied to compound surfaces such as 

5 the sides of a trailer made from corrugated materials and rivets. The excellent adhesive compatibility 
provided by such a backing film enables use of a wide variety of adheswes which releasably adhere to 
metals and some paints, such as the sides of the vehicles, by providing the retroreflective sheeting with a 
receptive surface to which the adhesive will firmly bond. 

Rgure 1 shows a backing film 10 being laminated directly to the specularly reflecting layer 12 of an 

JO embedded-lens type retroreflective sheeting 14 as taught herein, ^cul^y/eflectir^av^^ typically a 
thin layer, i.e.. about 100 nanometers thick, of vapor-<»atBd aluinffttiJnrinver. etc^rfe^^lf-adherent layer 
16 of the backing film 10 provides self-adheswn directly to the specularly reflecting layer 12 without aid of 
an intermediate adhesive agent e.g., a pressure-sensitive adhesive. It may be desirable to corona treat the 
front surface of the self-adherent layer 16 or rear surface of the specularly reflecting layer 12 before 

15 lamination to improve adhesion therebetween. The backing film 10 further comprises a reinforcing layer 18, 
such as nylon. The retroreflectwe sheeting shown also comprises a monolayer of microspheres ^gjsartially / 
embedded in a feansp^Ki^jpacirgJajw^ and a duaHayer cover film compri^ng layers 24, 26. - tf ) 

The backing films disclosed herein fiiay typically be used to provide an adhesive-compatible surface 
which may be coated with any of a wide variety of adhestves. e.g.. heat-activated adhesive, pressure- 

20 sensitive adhesive. ^Ivent-activated adhesive, etc. This is of particular advantage if the particular adhesive 
is one that will not adhere as desired to the specularly reflecting layer or is otherwise Incompatible 
therewith. Such an embodiment is shown in Rgure 2 which Illustrates rstipreflective sheeting 30 comprising 
a monolayer of microspheres 20 embedded in a tgr^gcgaLspadng-^ayec^ transparent cover film 34, 
and specularly reflecting layer Laminated to the rear surface of the specularty refiecting layer 12 is a 

25 backing film of the inventton comprising self-adherent layer 36. An adhesive 38 has been applied to the rear 
surface of self-adherent layer 36 and a protective release liner 40 applied thereover. It may be desirable to 
corona treat the rear surface of the backing film before applteatton of an adhesive thereto to Improve 
adhesk)n of the adhesive 38 to the backing film. 

Removable embodiments of the invention may be made by coating the back side of the backing film 

30 with a removable adhesive, i.e.. an adhesive whtoh provides a secure, but releasable bond to the substrate 
and having an applkattion or bond life of desired length. An advantage of this inventkin is that retroreflective 
sheeting can be made which exhibits sufftetent tear resistance and tensile strength to exceed the strength of 
the adhesive bond to the substrate, such that the sheeting may be removed from the substrate cleanly, but 
which sheeting is also sufficiently flexible and has sufficient etongation that it can be applied to a compound 

35 surface. Furthermore, it has been found that In some instances, an adhesive will preferentially adhere to the 
backing film as to a substrate, such as aluminum, steel or a painted surface, such that the adhesive will be 
removed with the retroreflective sheeting upon appllcatfon of a peel force. 

A further unexpected advantage of this invention is that retroreflective sheetings incorporating such 
backing films as disctosed herein may be adhered to a\any substrates without an additional adhesive agent 

40 Rgure 3 illustrates such an emt^odiment wherein a retroreflective sheeting 41 has been adhered directly to 
a metal substrate 42 with a backing film comprising self-adherent layer 36. Retroreflect^e sheeting 41 may 
be hot laminated direcdy to substrata 42 which may be, for example, an aluminum license plate or sign 
blank, thereby eliminating the need for an adhesive layer and application/removat of a release liner which is 
typically discarded after only one use. Backing films comprising ethylene/acrytlc add copolymers have 

46 provided bonds to aluminum surfaces having peel strertgth values of as high as 5000 newtons/nwter-width. 
Thus, if embossed, such sfieetings are typically more resistarrt to tenting. 

Rgure 4 Illustrates an embodiment 44 of the invention employed as a retroreflective window sticker.,^^ 
The window sticker 44 comprises a monolayer of microspheres 20 embedded in a transparent spacing .\ 
layer 32. a speculariy reflecting layer 12. a layer of substantially transparent adhesive 48, and a backing 

50 film 46 which comprises a self-adherent layer 36 and a reinforcing layer 49. A legend 50. e.g.. a 
flexographlcally printed ink image, has been printed on the front surface of the monolayer of microspheres 
20 and spacing layer 32 before application of adhesive layer 4a The sticker is adhered to a surface of a 
window, such as the inside.of a windshield 52 of an automobile (not shown), by the adhesive 48 so as to be 
visible from the other side of the window. In such an embodiment the backing film 46: 1) provides sufficient 

56 tensile strength, tear resistance, and body to the retroreflective sheeting 44 that the same can be handled 
without extraordinary care, and has sufficient body to be converted, i.e. a legend printed thereon, adhesive 
and release liner, if any. applied thereto, and cut into desired size: and 2) protects the speculariy reflecting 
layer 12 once the sticker Is applied to the windshield 52, e.g.. from abrasive action and cleaning agents 
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which may be used to clean the windshield. Examples of transparent substrates to which such a 
construction may be adhered include glass, polycarbonate, polymethyl methacrylate, and rigid or plastized 
polyvinyl chloride. 

The invention will now be further explained by the following illustrative examples. 



Testing 

s 

10 The following metiiods were used to evaluate the retroreflective sheetings discussed in the examples. 



Tensile Strength and Elongation 

IS 

The tensile strength and total ebngation of some of the retroreflective sheetings of ttie examples were 
tested under ASTM Test Metiiod 0882-80a 



20 Embossabiltty 



The retroreflective sheeting was adhered with a pressure-sensitive adhesive or (firectly self-adhered, as 
indicated, to a soft aluminum blank typical of an automotive license plate and having a thickness of 0.8 
25 millimeters. The blank was ttien embossed using a male/female embossing die whteh produced six figure 
0*s ttiat respectively embossed to a depth of 1.3. 1.5. 1.8. 2.0. 2.3. and 2.5 miinmetBis. The zeros were 7.7 
centimeters high. 3.1 centimeters across, and had a stroke width of 0.7 centimeters. The slope at the edges 
of ttie embossed character varied firom 0^ at 1.3 millimeters deptii to 0.7 at 2.S milUmeters deptti. 

30 

Example 1 



One hundred parte of SURLYN 1706. an extrusion grade, ttiermoplastic. HMW ionomeric copolymer 

35 believed to consist of a msyor proportion of ethyiene monomer and methacrylic add monomer cfosslinked 
wttti a zinc salt and having a melt index of about 0.7 was compounded with a weathering stabilizer system 
consisting of about 2.0 parts of an ultraviolet absorber. 1.5 parte of a polymeric hindered amine, and 0.1 
parte of an antioxidant The stabilizer system is not believed to affect ttie physical characteristics of ttie 
polymer, i.e.. ite adhesion or ttie strengtti of films formed ttierefrom. The stabilized copolymer was extruded 

40 from a 6.3 centimeter extruder tiirough a 40.6 centimeter die onto a blaxialty-oriented polyettiylene 
terephttiaiate (PET) carrier web using a single flighted screw witfi a compression ratio of 3:1. The extruder 
temperatures for zones 1 tiirough 5 were 190', 260'. 273». 264'. and 264'C. respectively, while flie neck 
and die lips were maintained at 270'C. The extruder screw speed was 30 revolutionsMilnula. and tiie film 
takeaway speed was 27.4 meters/minute to provide a film caliper of about SO microns. At ttiese extruder 

45 conditions, ttie melt temperature of ttie stabilized copolymer was measured to be 282'C. 

The extmder film was ttien hot laminated directiy to ttie rear side of ttie speculariy reflecting layer of a 
piece of an embedded-lens retroreflective sheeting comprising a monolayer of glass microspheres: a 
spacing layer made up of polyvinyl butyral, urea fonmaldehyde hardener, and polyester plastidzer; a vapor- 
coated aluminum speculariy reflecting layer and a ^tei^d.polyestetmelamine transparent ^yer film on a 

50 paper canier witti a glossy release coating. The iaminaSon was performed aia^speed of S.I^^Tminute 
■ between a steel roller heated to 140'C and a hard rubber nip roll under a pressure of 28,000 
newtons^meter-wldtti. The backing film was in contact witfi the steel roller and ttie base retroreflective 
sheeting was in contact witti ttie aibber nip roll. 

After ttie paper and PET carriers were removed, ttie rear. i.e.. exposed, side of ttie backing film was 

55 surface treated witti a corona discharge of 235 Watts/meter^/minute following which a layer of adhesive 
coated on a release liner was laminated ttiereto. 

The resultant retroreflective sheeting was ttien wound upon iteelf into roll form for storage. The sheeting 
rolled well wittiout buckling, crimping, or delaminating. TTiis sheeting is referred to herein as Sheeting A. 
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The embossability. tensile strength, and elongation of Sheeting A were tested according to the methods 
described above and compared to a sample of Sheeting B. a retroreflective sheeting made in similar 
fashion but with no backing film. 

Sheeting A was measured to have a tensile strength of 2,600 newtons/meter width and an elongation of 
5 55 percent and after being embossed was found, upon visual inspection with the unaided eye, to have 
suffered no cracking even at a embossing depth of 2.5 milfimeters- Sheeting 8 was measured to have a 
tensile strength of 1,900 newtons/meter width and an elongation of 8 percent and found to have suffered 
substantial cracking at an embossing depth of 1.5 milRmelers. thus being considered unembossable. 

70 

Example 2 



A retroreflective sheeting was produced as described in Example 1, except no adhesive was applied to 
75 the rear side of the backing film. Instead, the sheeting was heat laminated directiy to an aluminum plate 
blank. The lamination was performed under the lamination conditions described in Example 1 with the 
aluminum blank in contact witti tiie heated steel roll. 

The construction was embossed as in Example 1. Upon visual inspection, tite Greeting was found to 
have suffered no cracking even at an embossing depth of 2.5 millimeters, 

20 

Example 3 

2S One hundred parts of PRIMACOR 3440, an extrusion grade, ttiermoplastic HMW copolymer befleved to 
consist of about 91 parts ethylene monomer and 9 parts acrylic add monomer, and having a melt index of 
atK3ut 10 was compounded with a weatttering stabilizer system consisting of about 2.0 parts of an ultraviolet 
absortjer. 1.5 parts of a polymer hindred amine, and 0.1 parts of aa antioxidant The stabilizer system is not 
believed to affect tite physical characteristics of the polymer. i.e.. its adhesion or the strength of films 

30 formed tiierefrom. The. stat>ifized copolymer was extruded under the same conditions as in Example 1 to 
produce a backing film. 

The backing film was hot laminated to tire rear side of ttte speculariy reflecting layer of a piece of an 
embedded-lens, wide-angle flattop retroreflective sheeting comprising a vinyl cover film, a monolayer of 
glass microspheres, a spacing layer like ttiat used in Example 1. and a vapor-coated aluminum specularly 
3S reflecting layer. The lamination was performed fn tiie same manner and under the same conditions as 
descrit)ed in Example 1. This sheeting is referred to herein as Sheeting C. 

A layer of Ujw molecular weight pressure-sensitive adhesive comprising an acrylic ester and a polar 
monomer was applied to the rear side of the backing film after corona treatment thereof. The adhesive, after 
conditioning as described betow, has a release value of about 500 to 700 newtons/meter-widtti and is ttius 
40 considered useful as a removable adhesive. 

A control sample, referred to herein as Sheeting 0, of the same sheeting was prepared wherein the 
backing film was omitted and ttie adhesive was coated directiy upon tiie speculariy reflective layer tttereof. 

Botii samples were applied to dean, etched and degreased aluminum panels. The samples were ttien 
conditioned at room temperature for 24 hours, heated at 80**C for 72 hours to achieve maximum 
45 taddfication, and then cooled to room temperature. 

When subjected to a 90" peel force. Sheeting C was easily removed from the aluminum panel, 
releasing ttwrefrom in one piece, and removing substantially all of the adhesive with ttie sheeting. Sheeting 
D, however, when subjected to tfie 90* peel force, delaminated from ttw adhesive, removing substantially 
none of the adhesive. 

50 

Example 4 

55 Samples of Sheetings C and D from Example 3 were each applied to aluminum panels and conditioned 
as in Example 3. except an acrylic-based pressure-sensitive adhesive that after the atorementioned 
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conditioninQt had a 90° peel adhesion release value of about 1400 newtons/meter-wtdth was used. 

When subjected to a 90' peef force, Sheeting C was removed from the aluminum panel cleanly in one 
piece, and the underlying adhesive substantially removed with it Sheeting 0. however, was extremely 
difficult to remove as it tended to shred and rip into small pieces. 



Example 5 

10 A backing film comprising a 0.5 mil (12 micrometer) polyethylene self-adherent layer and 0.5 mil (12 
micrometer) biaxially-oriented polyester terephthalate reinforcing layer was applied directly to the speculariy 
reflecting layer of a retroreflective sheeting comprising a monolayer of glass microspheres embedded in a 
polyvinyl butyral spacing layer and a vapor*coated aluminum specularly reflecting layer on the rear side of 
the spacing layer. 

IS The exposed surface of the self-adherent layer was treated with a corona discharge of 235 
Watts^meter^/minute and laminated to the rear side of the specularly reflecting layer under the same 
conditions as described in Example 1 . 

The composite had sufficient body, tensile strength, and tear resistance that it could be conveniently 
handled without crinkling, creasing, or tearing. A legend was then printed on the front side of the composite 

20 with a flexographic printing process. The sheeting was satisfactorily printed upon, tiie legend being 
substantially dear and undlstorted. and the sheeting being handled upon ttie printing press essentially 
without damage. After the legend was printed, a layer of transparent transfer adhesive on a release liner 
was applied over ttie legend. This construction was tfien kiss-cut into individual validation stickers 
approximately 2 inches (5 centimeters) square. 

25 The stickers were each applied to a sheet of clean glass t>y removing ttie release liner and laminating 
with hand pressure. 

Various nrK)diflcations and alterations of tills invention will become apparent to tttose skilled In the art 
without departing from ttie scope and spirit of ttiia invention. 

30 

Claims 

1. A retroreflective sheeting characterized in ttiat said sheeting comprises: 
A) transparent microspheres, arranged irt substantially a monolayen 
35 B) a transparent spacing layer which said microspheres are supported by and at least partially 

embedded in; 

C) a specularly reflecting layer underiying said spacing layer; and 

D) a backing film; 

wherein said backing film comprises at least a self-adherent layer which is self-adhered directiy to ttie rear 
40 side of said specularly reflecting layer, said self-adherent layer comprising: polyettiylene: or one or mora 
copolymers comprising by weight a major pottion of at least one of ettiylene or propylene, and a minor 
portion of at least one polar comonomen or a blend comprising (a) one or more other polymers and (b) one 
or more of said copolymers or polyettiylene or combinations of said copolymers and polyettiylene. said 
blend comprising a major portion by weight of ettiylene and/or propylene. 
45 2. The sheeting of claim 1 furttier characterized in ttiat sheeting furttier comprises one or more cover 
films, or a layer of substantially transparent adhesive, disposed in front of said microspheres. 

3. The sheeting of any one of claims 1 or 2 furttier characterized in ttiat said self-adherent layer 
comprises a copolymer of at least one of ethylene or propylene witfi at least one polar comonomer. 

4. The sheeting of claim 3 furttier characterized in ttiat polar comonomer comprises acrylic acid. 
50 mettiacrylte add. ettiyi acrylate. or vinyl acetate. 

5. The sheeting of any one of claims 1 or 2 furttier characterized in ttiat said self-adherent layer 
comprises a blend comprising (a) one or more ottter polymers and (b) one or more of said copolymers or 
polyettiylene or combinations of said copolymers and polyetiiylene. said blend comprising a major portion 
by weight of ettiylene and/or propylene. 

55 6. The sheeting of any one of claims 1-5 further characterized in that said self-adherent layer comprises 
an ionomeric copolymer. 

7, The sheeting of claim 6 furttier characterized in ttiat said self-adherent layer Is crosslinked witti zinc 
ions. 
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8. The sheeting of claims 1-7 further characterized in that said backing film is less than about 125 
micrometers thick. 

9. The sheeting of any one of claims 1-8 further characterized in that said backing film is preformed 
before being self-adhered directly to. or is extruded onto, said specularly reflecting layer. 

5 10. The sheeting of any one of claims 1-9 further characterized in that said backing film further 
comprises at least one of the following additives: a colorant, a filler, or a stabilizer. 

11. The sheeting of any one of claims 1-10 further characterized in that said backing film is 
nonetastomeric. 

12. The sheeting of any one of claims 1-11 further characterized in that said backing film further 
70 comprises at least one other layer on the rear side of said self-adherent layer. 

13. The sheeting of daim 12 further characterized in that said t>acking film further comprises a 
reinforcing layer on the rear side of said self-adherent layer. 

14. The sheeting of claim 13 further characterized in that said reinforcing layer comprises at (east one 
of nyton. polyester, polypropylene. polycart)onate. acrylonitrile/butadiene/styrene. or glass-filled polymers. 

IS 15. The sheeting of any one of claims 13 or 14 further characterized in that said self-adherent layer and 
said reinforcing layer have been coextruded on said speculariy reflecting layer. 

16. The sheeting of any one of claims 13-15 further characterized in that said sheeting further 
comprises an additional layer on the rear side of said reinforcing layer, said additional layer comprising: 
potyethylerra; or one or more copolymers comprising by weight a major portion of at least one of etftytene 

20 and propylene, and a minor portion of a polar monomer; or a blend comprising (a) one or more other 
polymers and (b) one or more of said copolymers or polyethylene or combinattons of said copolymers and 
polyethylene, said blend comprising a major portion of weight of ethylene and/or propylene. 

17. The sheeting of any one of daims 1-16 further characterized in that sakj sheeting further comprises 
a layer of adhesh^ on the rear side of said backing film. 

25 18. The sheeting of claim 17 further characterized in that said rear side of said backing film was corona 
treated before application of said adhesive thereto. 

19. The sheeting of any one of claims 1-16 furttier characterized in that sakS t)acking film of said 
sheeting provk^es a seif-adhering bond to an article sut)StantiaUy without another adhesive agent 
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